Robust paramagnetism in B^-zM^R^Or (M = Mn,Fe,Co,Ni,Cu) pyrochlore 
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We report physical property characterization of Bi2- :E M a ;Ru207 pyrochlores, including mag- 
netic suseptibility, resistivity, and Seebeck coefficients. The solid solution exists up to x=0.5 for 
(M=Cu,Ni,Co) and up to x=0.1 for (M=Fe,Mn). None of the doped materials exhibit ferromag- 
netism or any localized ruthenium moment behavior. Instead we find the Ru-O and Bi-O sub- 
lattices to be essentially independent, with any magnetism resulting from the unpaired transition 
metal dopant spins. Cobalt substitution for bismuth results in localized Co 2+ , and low temperature 
spin-glass transitions in several cases. Nickel moments on the pyrochlore lattice display properties 
intermediate to localized and itinerant. Finally, copper doping results in only an enhancement of 
the Pauli metallic density of states. 



I. INTRODUCTION 

Ruthenium oxide based perovskites are presently of 
great interest due to the range of magnetic and strongly 
correlated electronic behavior they exhibit, often breach- 
ing the limits of current condensed matter theory. Lay- 
ered Sr 2 Ru04, for example, is a superconductor at < 1 
K,EJ and is postulated to have p-wave and spin-triplet 
pairing in the superconduting state.0 Of particular inter- 
est is the delicate balance many ruthenate perovskites 
display between ferromagnetism and exotic electronic 
states. When superconducting Sr 2 RuC>4 is doped by 
small amounts of nonmagnetic Ti 4+ on the ruthenium 
site, there is a cross-over from superconductivity to short 
range ferromagnetic ordering.Elu In the same structural 
system, Sr3Ru2 0y shifts from a paramagnetic, strongly 
correlated Fermi-liquid to a ferromagnet under applied 
pressure.! Also, at fields above 7T the compound under- 
goes a metamagnetic quantum transition to a high mo- 
ment state.u Finally, Ti 4+ doping on the ruthenium site 
of CaRuOa induces ferromagnetism in what was origi- 
nally a paramagnetic material!] 

As much of the recent work focuses on perovskite based 
structures, the question follows as to whether the ob- 
served balance between itinerant and ferromagnetic be- 
havior is characteristic of ruthenium oxides in general, or 
specific to perovskites. Therefore we have investigated 
another common oxide structure, the pyrochlore. The 
pyrochlore oxide Bi2Ru2 07, which exhibits temperature 
independent Pauli paramagnetism and is weakly metal- 
lic, affords an excellent opportunity to test the generality 
of this balance. 

Like the perovskite, the pyrochlore structure, A2M2O7, 
contains a three dimensional network of corner-sharing 
MC>6 octahedra (fig. |l|). In the perovskite these are 
regular M0 6 octahedra with 160-180° M-O-M bonds, 
forming a three dimensional square net of metal atoms. 
However, in the pyrochlore the corner-sharing results in 
tetrahedrally related metal atoms, and coordination is 
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FIG. 1: View of RuOe network in a) perovskite along <100> 
and b) pyrochlore along <011>. 



such that the M-O-M bond angle must be ~ 130°. The 
A cation in the pyrochlore occupies hexagonal channels 
along <011> and equivalent directions. Three dimcn- 
sionally, the cations form an A4O sublattice of corner 
sharing tetrahedra. 

Previous experimental work has probed differences be- 
tween Bi 2 Ru 2 07, Y2RU2O7, and Ln2Ru207, the lat- 
ter two being electronically insulating although isoelec- 
tronic to Bi2Ru2 07.tl One proposed reason for the dif- 
ference-is the change in Ru-O-Ru angle with A cation 
sizefiElj It is also postulated that in the compounds 
Y2RU2O7 and Ln 2 Ru 2 07 the cation valence orbitals are 
energetically prohibited from contributing to Fermi, level 
bonding, resulting in narrower localized bands.liil Re- 
ports are conflicting as to whether bismuth s and p 
orbitals hybridize to some, extent at the Fermi level, 
participating in conduction.E£IEj Experimental work has 
followed the metal ta_kisulator transition in several of 
these solid solutionsollj Here we report the properties of 
Bi 2 _ 2: M :E Ru2 07, M = (Mn,Fe,Co,Ni,Cu), observing that 
the first row transition metal d-orbitals are proximate 
to the energy of the Fermi level of Bi 2 Ru 2 07. Thus it 
is likely that the overall properties of these doped ma- 
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terials will be markedly different from those previously 
described in the literature. 



II. EXPERIMENTAL 

Suitable stoichiometric amounts of Ru02, Bi203, 
C03O4, CuO, MnC>2, Fe2C>3, and N12O3 were thoroughly 
ground in an agate mortar and pressed into pellets. Ru0 2 
was dried for 2 hours at 900 °C before use. The pellets 
were successively heated in air at 750 °C for 1 day, 900 °C 
for 1 day 950 °C for 3 days, and 975 °C for 1 day, with 
several intermediate grindings. Iron and nickel samples 
were heated for an additional day at 1020 °C. Sample 
purity was monitored using room temperature powder 
X-ray diffraction employing Cu-Ka radiation. 

Magnetic properties and electrical resistivity were eval- 
uated using a Quantum Design physical property mea- 
surement system (PPMS). For all samples, the susepti- 
bilty was measured from 300 to 5 K in an applied field 
of 1 T. Data were also collected from 2 to 30 K in a 
field of 1 T after zero-field cooling, to assess any low 
temperature magnetic transitions. Magnetic hysteresis 
loops were performed at 5 K in the range of -9 to 9 T, 
and the data were fit to the paramagnetic Brillouin-func- 
tion M = NgJ^, B B{x) where x = mfi H/k B TM Re- 
sistivity measurements were performed on sintered pow- 
der pellets, which were cut into bars of approximately 
1.5x1.5x3.5 mm, and measured with the standard 4- 
point AC method. Seebeck coefficient measurements 
employed a commercial apparatus (MMR technologies) 
within the temperature range 200-500 K. 



III. RESULTS 
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FIG. 2: Cubic lattice parameter, determined by powder x-ray 
diffraction, for Bi2-^M :E Ru207 (M=Cu,Ni,Co) as a function 
of doping level. 
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Substitution of first row transition metals on the ruthe- 
nium site of Bi2Ru2 07 was not possible within the 
synthetic conditions explored. The first row transi- 
tion metals Mn, Fe, Co, Ni, and Cu instead substi- 
tute on the bismuth site of the pyrochlore. We report 
complete structural characterization of Bii.gCuo.4Ru207, 
Bii.6Coo.4Ru2C>7, and Bi2Ru2C>7 elsewhereJlJ by refine- 
ment of neutron powder diffraction data. This type 
of substitution is not unprecedented, as synthesis of 
Bi2- :E Cu; r Ir2- a Ru a 07 was reported, although the com- 
pound was not fully characterized.!!^ 

Figure H plots lattice parameters obtained from powder 
X-ray diffraction as a function of x for Bi2- x M x Ru2 07 
(M=Cu,Ni,Co). To a first approximation the lattice pa- 
rameters decrease linearly. This is consistent with the 
smaller radii of the first row transition metals in compar- 
ison to that of bismuth. For copper, nickel, and cobalt 
dopants, the solid solution exists up to x=0.5: at larger 
nominal concentrations the lattice parameters remain rel- 
atively constant. In several samples, RuC>2 is found as 
a very minor impurity. For example, the cobalt-doped 
sample with x=0.4, contains 0.5% RuC>2 by weight, as 



FIG. 3: Measured magnetic suseptibility as a function of 
temperature for E^-^CuxR^Cv 



determined by powder neutron diffraction refinement. El 
As RUO2 is non-magnetic, and the amount present is 
negligible, its presence will not affect physical property 
characterization. For iron and manganese-doped series 
the substitution limit is x=0.1, resulting in unit cells of 
a=10.282(l) and 10.279(2) respectively. 



A. Bi 2 ^Cu^Ri^Ot 

The magnetic suseptibility (x) of Bi 2 Ru2 07 between 
300 and 5 K is plotted in figure || . It is essentially 
temperature independent with a relatively small magni- 
tude of 2 x 10~ 4 emu/Oe mol f.u., consistent with Pauli 
paramagnetism. Also plotted in figure |^ is the susepti- 
bility of Bii.6Cuo.4Ru207 and Bii.gCuo.2Ru207. It can 
be seen that x=0.4 copper-doping increases the magni- 
tude of the temperature independent suseptibility by a 
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FIG. 4: Seebeck coefficients for Bi 2 _ a; M ;c Ru207 (M=Cu,Ni) 
as a function of temperature. 



FIG. 5: Resistivity as a function of temperature for 
Bi 2 -o ; M a; Ru207 (M=Cu,Ni). 



factor of two. This may be due to an enhancement of 
the metallic density of states. There is not any signifi- 
cant indication of moment localization for either copper 
or ruthenium in these samples. Each does display a small 
Curie tail at low temperature, likely due to the presence 
of microscopic amounts of impurity spins. 

Seebeck coefficients (S) for Bi 2 _ :E Cu ;E Ru207 are plot- 
ted in figure |j. (Small peaks evident in the data around 
300 K are instrumental.) It can be seen that values of 
S for undoped Bi 2 Ru2C"7 are between -11 and -4 /zV/K, 
indicating that the dominant carriers are electrons. Ten 
percent copper doping (x=0.2) increases S, though the 
values remain negative, between -3 and -1 /xV/K. How- 
ever with twenty percent (x=0.4) doping, the seebeck 
coefficients become positive, and the dominant carriers 
cross over to hole-like. 

Resistivity data are presented in figure The resis- 
tivity of undoped Bi2Rri207 is largely temperature inde- 
pendent and on the order of 1 mf2-cm, consistent with 
the description of a poor metal. Copper doping slightly 
decreases the magnitude of the resistivity but maintains 
a similar temperature dependence compared to the un- 
doped sample. 



B. Bi 2 - ;c Ni a; Ru207 

Magnetic suseptibility data for nickel-doped samples 
are shown in figure |^. The top panel plots measured 
suseptibility as a function of temperature. In contrast 
to copper doping, these samples begin to display local 
moment behavior as nickel is substituted. The Curie- 
tail at low temperature that is visible on the undoped 
pyrochlore becomes more pronounced with 5% (x=0.1) 
nickel doping. By 20% (x=0.4) nickel doping, the mag- 
netic suseptibility scales with the Curie- Weiss equation 
for localized paramagnetic moments. Data from nickel- 
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FIG. 6: Top panel: Measured magnetic suseptibility as a 
function of temperature for Bi2-iNia;Ru2 07. Bottom panel: 
Inverse magnetic suseptiblity (points) and Curie-Weiss fits 
(solid lines) for Bi2-^Nia;Ru207. Fitted temperature inde- 
pendent terms (xo) are subtracted from measured \- 
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TABLE I: Calculated magnetic constants from Curie- Weiss 
fitting. 
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doped samples for x=0.3 and x=0.4 were fit between 150- 
300 K to the function x = Xo + C/(T — 6cw) where xo 
is the sum of all temperature independent terms. Values 
for the effective moment and Curie- Weiss temperature 
(9cw) were extracted, with the results summarized in 
table |. Moments are between 2.1 and 2.3 /Ug/Ni, only 
slightly less than the theoretical spin-only value of 2.82 
for Ni 2+ . Therefore we assume that the observed local 
moments are accounted for by the nickel dopant, and that 
no local moment has been induced at ruthenium centers. 
Further, values of 6cw are very small, indicating weak 
coupling between the localized spins in all cases. 

The bottom panel of figure || plots inverse magnetic 
suseptibility, l/(x — Xo), for the nickel-doped samples. 
Experimental points are overlayed by Curie- Weiss fits 
(solid lines) for x=0.3 and x=0.4. The overlays high- 
light evident deviation from ideal behavior below 100 K 
for the two samples. And in fact, at nickel doping lev- 
els of x=0.2 and lower, deviation from linear behavior is 
such that Curie- Weiss fitting is not applicable. Thus the 
magnetism can be classified as intermediate to localized 
and itinerant behavior. 

Seebeck coefficients (S) for Bi 2 _ 2; Ni ;I ,Ru207 are pre- 
sented in figure [|. At 200 K, the magnitude of the coeffi- 
cient goes from -10 in undopcd Bi 2 Ru207 to +10 /iV/K 
in the 10% nickel-doped sample. The nickel-doped sam- 
ples have higher S values than the copper-doped sam- 
ples, indicating that there is a higher concentration of 
hole carriers in the former. Resistivity (p) behavior is 
also different for the copper and nickel-doped samples. 
Figure || illustrates that while copper-doping decreases 
the magnitude of the resistivity, nickel-doping increases 
it. As nickel is substituted on the lattice of Bi2Rii207 
the resistivity becomes more like that of a degenerate 
semi-conductor, where p begins to increase slightly with 
decreasing temperature. 
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FIG. 7: Inverse magnetic suseptibility (points) and Curie- 
Weiss fits (solid lines) for Bi2- a; Coa ; Ru207 as a function of 
temperature. Fitted temperature independent terms (xo) are 
substracted from measured X- Insets plot low temperature 
magnetic suseptibility down to 2 K. 



C. Bi 2 zCo^RuaOr 

Cobalt doping has a dramatic effect on the magnetic 
properties of Bi2Ru207. Samples of Bi2_:rCo.i; R112O7 
display Curie- Weiss behavior for x=0.1 to 0.5 in the tem- 
perature range 300-5 K and in IT. Plots of l/(x — Xo) ver- 
sus temperature (fig. 0) demonstrate the goodness of fit, 
where calculated values (solid lines) overlay experimen- 
tal points. The effective moment normalized to cobalt 
content (table |) remains essentially constant across the 
doping series, indicating that the Curie moments are due 
solely to unpaired cobalt d electrons. Again no local mo- 
ment is induced on ruthenium centers with doping. Cal- 
culated moments are between 4.1 and 4.4 /is/Co, which 
are slightly greater than the spin-only theoretical value 
of 3.87 for Co 2+ but consistent with previously reported 
values for high spin Co 2+ of 4.1 to 5.2 /^s/CoJl3 Values of 
theta are close to zero for all cobalt doped samples, signi- 
fying that spin-coupling is very weak. Below 5 °K, small 
peaks in magnetic suseptibility are observed for x=0.4 
and x=0.5 samples, possibily due to spin-glass transi- 
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FIG. 8: Magnetization as a function of field for 
Bi2-a;Coa;Ru2 07. Inset: Expansion of measured magnetiza- 
tion versus field data for undoped Bi2Ru207 in low tempera- 
ture region. Units are: x (emu/Oe mol f.u.), T (K). 



tions (fig. 0, inset). The fact that the transitions are at 
such low temperatures is consistent with weak coupling 
of the spins. Additionally, the peak maximum increases 
slightly from samples x=0.4 to x=0.5. In fact, although 
there is not a distinct suseptibility peak for sample x=0.3, 
there are significant deviations from Curie- Weiss behav- 
ior below 5 K, signifying that some degree of interaction 
is present already at this doping level. The doped py- 
rochlores have the two characteristics common to spin- 
glass systems; atomic disorder and frustrated geometry. 

Magnetization (M) versus field (H) curves are pre- 
sented in figure ^ for F^-zCozR^Oy, where data are 
collected at 5 K. No magnetic hysteresis is present for 
any doping level. The curves are not linear, but in- 
stead scale with the paramagnetic Brillion function, as 
m/isH is on the order of keT at this temperature and 
field range. Although M vs H for undoped Bi2Ru2 07 
does appear to be flat and linear at this scale, the fig- 
ure inset shows the true shape of the curve. Fitting the 
high field data for undoped Bi 2 Ru2C-7 to the Brillouin 
function with g=2, the number of localized spin 1 mo- 
ments is approximated to be 0.002 spins/mol f.u. For 
Bi2_ ;c Co; C Ru2 07 the magnetization increases with the 
amount of cobalt dopant as is expected. However, at- 
tempts to fit these curves to the Brillion function were un- 
successful. This is due to the fact that the data were col- 
lected at 5 K, where an assumption of completely local- 
ized non-interacting moments is inappropriate for these 
samples. Figure |9| plots magnetization as a function of 
H/T for sample Bii.6Coo.4Ru207 at different tempera- 
tures. If the data follow the paramagnetic Brillouin func- 
tion, then plots taken at different temperatures should 
superimpose. In figure 9 it is evident that plots for 25 K 
and 55 K data essentially overlay one another. However, 
data taken at 5 K deviates significantly. Therefore the 




H/T [Oe/K] 

FIG. 9: Magnetization as a function of H/T for 
Bii.6Coo.4Ru207, with data sets collected at three different 
temperatures. 




200 250 300 350 400 450 500 

T[K] 

FIG. 10: Seebeck coefficients as a function of temperature for 

Bi 2 -a;COxRU2 07. 



cobalt moments are truly independent at higher temper- 
atures, but by 5 K, some degree of interaction is present 
between the cobalt centers. This is supported by our 
suseptibility data, where possible spin-glass ordering is 
present below 5 K for the more heavily doped samples. It 
is surprising that such a large number of magnetic Co 2+ 
atoms are accommodated in the pyrochlore without in- 
ducing magnetism on the ruthenium sublattice, and that 
the Co 2+ spins are so weakly interacting. 

Seebeck coefficients and resistivity for 
Bi 2 _ a; Co a ;Ru207 are plotted in figures [l(] and |Tl| 
respectively. Seebeck coefficients increase with the 
amount of cobalt doping, reaching a maximum of +18 
/iV/K for x=0.4. Once again, the first row transition 
metal is hole-doping the pyrochlore. The slope of 
the temperature dependence of S also becomes flatter 
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FIG. 11: Resistivity as a function of temperature for 
Bi 2 - ;c Co :l; Ru2 07. 
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FIG. 12: Resistivity as a function of temperature for 
Bii.6Coo.4Ru207 at Tesla and 9 Tesla. 



with increasing cobalt. The resistivity behavior of 
Bi2_ K Coa;Ru2 07 is similar to that of Bi2- :E Ni. r Ru207. 
As dopant is introduced, the magnitude of the resistivity 
increases, and the temperature dependence becomes 
more semi-conductor like. The increased resistivity may 
be due to several factors, one of which is the scattering 
of electrons by the localized dopant moments. This ex- 
planation is supported by the fact that in copper-doped 
samples, where there are no localized spins, the resis- 
tivity decreases slightly instead of increasing. However, 
the resisitivity of Bii. 6 Coo.4Ru207 is unaffected by a 
field of 9T (figure [l2]). This is not consistent with the 
description of spin scattering, where at 9T the spins 
should align and thus decrease the resistance. Therefore 
the origin of resistivity behavior in copper and nickel 
doped Bi2Ru2C>7 is unresolved. 
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FIG. 13: Inverse suseptibility (points) and Curie- Weiss fits 
(solid lines) for Bii.gMno.iRu207 and Bii.gFeo.iRu207 as a 
function of temperature. Fitted temperature independent 
terms (xo) are subtracted from measured X- Insets plot 
measured magnetic suseptibility down to 2 K. Units are: x 
(emu/Oe mol f.u.), T (K). 



D. Bii.gFeo.iRu20 7 and Bii.gMno.iRu207 

For dopants Fe and Mn, the substitution limit is 5% 
(x=0.1). Inverse suseptibility for these two samples is 
plotted in figure [ll| with overlayed Curie- Weiss fits (solid 
lines). Both Bii.gFeo.iR^O^ and Bii.gMno.iR^C^ obey 
the Curie- Weiss law in the temperature range 300-5 K. 
Magnetic constants are listed in table |. Fitted mag- 
netic moments are 4.9 and 5.1 /xs/x for Fe and Mn re- 
spectively. These values are in good agreement with the 
spin-only theoretical value of 4.89 [1b for S=2, again in- 
dicating that the observed localized moments are due to 
the dopants. Values of 0cw are close to zero, indicating 
that interaction between the magnetic centers are negli- 
gible. In fact, the manganese spins are truly independent 
even down to low temperature. This is illustrated in fig- 
ure |l4|, where magnetization is plotted as a function of 
field for Bii.gMno.iRu207. The high field data were fit to 
the paramagnetic Brillouin function with set values g=2 
and J=2, and with only N (number of spins per mole) 
allowed to vary. Assuming that all localized spins origi- 
nate from manganese, the resulting value of x found for 
Bii.gMno.iRu207 was 0.10, in agreement with the nomi- 
nal concentration. 

Resistivity (fig. |l5|)and Seebeck coefficients (fig. |l^) 
for Mn and Fe-doped samples follow similar trends as 
those seen for Ni and Co. The introduction of dopant 
increases the magnitude of the resistivity, and samples 
become more semi-conducting. For Fe and Mn-doping, 
Seebeck coefficients also increase relative to undoped 
Bi2Ru207 indicating that the transition metals are once 
again hole doping the pyrochlore. 
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FIG. 14: Experimental magnetization vs. field data for 
Bii.9Mno.iRu2C>7 and paramagnetic Brillouin function (dot- 
ted line). 
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FIG. 16: Seebeck coefficient as a function of temperature for 
B12-ZMSRU2O7 (M=Fe,Mn). 
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FIG. 15: Resistivity as a function of temperature for 
Bi 2 _ a; M :E Ru207 (M=Fe,Mn). 



IV. DISCUSSION 

The pyrochlore structure can be described as two inter- 
penetrating networks; one of corner-sharing RuOg poly- 
hedra and one of corner-sharing B14O tetrahedra. Our 
magnetic data on transition metal doped Bi2Rri2 07 in- 
dicates that the two networks are, surprisingly, magnet- 
ically independent. 

We successfully substituted the first row transition 
metal series Mn 3+ , Fe 2+ , Co 2+ , Ni 2+ , and Cu 2+ on the 
bismuth site of Bi2Ru20y. Each of these dopants has 
unpaired valence shell d-electrons. However, the ruthe- 
nium moments in the pyrochlore are unaffected by Bi- 
site doping. This is in strong contrast to results for the 
doped perovskites CaRui_2.Tij.O3 and S^Rui^TLjO,}. 
Although we find no ruthenium local moments, the un- 



paired dopant electrons diverge from localized to itin- 
erant magnetic behavior across the first row transi- 
tion metal series. First, in Bii.gMno.iR^Oy the sub- 
stituted manganese moments are localized and essen- 
tially noninteracting, even down to low temperature. In 
Bi2_ K Co2,Ru207 the cobalt moments are also localized, 
with suseptibility data fitting the Curie- Weiss law be- 
tween 5-300 K. However, at low temperature the spins 
are no longer completely isolated. In fact, spin-glass 
transitions are present below 5 K for Bii.6Coo.4Ru207 
and Bii.5Corj.5Ru207. In nickel-doped samples the un- 
paired nickel spins display behavior intermediate to lo- 
calized and itinerant. Finally, in copper-doped samples, 
there is no evidence for moment localization, and only 
the metallic temperature independent paramagnetism is 
enhanced with doping. These magnetic trends are illus- 
trated in figure [I?], where the measured suseptibility at 
5 K and 300 K is plotted as a function of dopant. For 
localized moments, the magnetic suseptibility at low tem- 
perature increases observably as a function of x, such as 
in the case of cobalt. However, for itinerant moments as 
in copper, \5K remains relatively flat with increasing x. 
For nickel, with atomic number intermediate to Co and 
Cu, the behavior is a combination of localized and itin- 
erant. Up to x=0.1 \5K remains flat, while above x=0.1 
X5K increases with x, although not as steeply as \5K in 
the case of cobalt. Across the series, the d-orbitals of 
the first row transition metal become more proximate in 
energy to the valance orbitals of oxygen. Thus copper hy- 
bridizes more strongly with oxygen than cobalt or nickel, 
resulting in itinerant behavior. 

The transport properties of Bi2_ a; M 2 ;Ru2 07 are also 
evaluated. Figure [ij displays S as a function of dopant 
concentration for Co, Ni, and Cu doped samples. At 
x=0.4, values of S are all positive. Thus in each series 
the dominant carriers cross-over from electrons to holes 
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FIG. 17: Magnetic suseptbilibty at 300 K (top panel) and 5 
K (bottom panel) as a function of dopant for copper, nickel, 
and cobalt doped samples. 
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FIG. 18: Seebeck coefficients as a function of dopant concen- 
tration for copper, nickel, and cobalt doped Bi2Ru207. 



upon doping. The absolute value of the Seebeck coeffi- 
cient, |S|, is proportional to log(N)-log(n) where n is the 
concentration of carriers and N the available density of 
states. If N is essentially constant, then copper doping 
results in an increased concentration of carriers (n) rel- 
ative to undoped Bi2Ru207. This interpretation agrees 
with resistivity data, where the magnitude of p decreases 
as copper is substituted on the pyrochlore lattice. Con- 
versely, Seebeck coefficients for cobalt and nickel samples 
increase more steeply with x than those for copper. At 
x=0.4 for these two dopants, the concentration of carriers 
(n) is decreased relative to undoped B12RU2O7. 



CONCLUSION 



In summary, we report magnetic and transport proper- 
ties of Bia-xMaRuaOr (M=Mn,Fe,Co,Ni,Cu). In no case 
did ferromagnetism or other localized ruthenium moment 
behavior occur upon doping. However, in such previously 
reported cases as CaRui-^Ti^Os and Sr2Rui_ x Ti x 04, 
the dopant was substituted on the ruthenium site. Thus 
those substitutions could be expected to strongly per- 
turb the Ru-0 network. In the present study, the tran- 
sition metal dopants preferentially replace bismuth in 
Bi2Ru2C>7. Our magnetic data indicates that the ruthe- 
nium and bismuth sublattices in B12RU2O7 are magneti- 
cally independent, and therefore the metal substitutions 
represent a second-order perturbation of the Ru-0 lat- 
tice, which was not effective in causing a crossover to the 
ferromagnetic state. In CaRuOa, conversely, A-site sub- 
stitution does induce ferromagnetism even though it is 
not a direct perturbation of the Ru-0 lattice.CJ There- 
fore ruthenium oxides in the pyrochlore geometry appear 
to be far from the ferromagnetic instability observed in 
the perovskites, and such instability is not a broadly gen- 
eral characteristic of ruthenium oxide compounds. 
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